Abstract. Metastasis to the adrenal glands is a relatively frequent observation at autopsy of patients that have succumbed to cancer. Long-term disease-free survival has been reported in patients following the resection of solitary adrenal metastasis resulting from colorectal cancer. In addition, following primary resection for colorectal cancer, solitary metastasis to the adrenal glands is rare, even in outpatients at routine follow-ups. Therefore, adrenal metastasis is usually detected in combination with multiple synchronous metastases at other sites in the terminal stages of cancer. Between 1998 and 2002, 3 patients with adrenal metastasis and other synchronous metastatic sites underwent surgery for adrenal metastasis at the Department of Gastroenterological Surgery at Osaka University. The other synchronous metastatic sites observed in the 3 patients consisted of lung and para-aortic lymph nodes. In total, 2 out of the 3 patients experienced long-term disease-free survival for >5 years following surgery and 1 patient underwent curative resection for recurrence of metastases in the liver and right adrenal gland 79 months subsequent to the initial resection for adrenal metastasis. All 3 patients survived for >90 months. In conclusion, aggressive surgical resection for adrenal metastasis and other metastatic sites resulting from colorectal cancer may result in a survival benefit in selected patients.
Introduction
Cancer is a major public health issue in developed countries (1). In Japan, the incidence of colorectal cancer (CRC) has significantly increased in recent years (2) . The most critical factor causing mortality of patients with CRC is metastasis (3) . Intensive follow-up and adjuvant therapy is urgently required for patients that undergo curative resection for CRC, in order to prevent recurrence and metastasis (4) (5) (6) . According to previous studies, CRC metastasis to distant organs, including the liver and lung, is resectable (7) (8) (9) (10) (11) , and a successful resection clearly results in an increased survival time. Long-term survival has been reported in association with surgical resection for solitary adrenal metastasis resulting from CRC (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . However, isolated adrenal metastasis is rare; adrenal lesions usually occur in the presence of multiple synchronous metastases and are detected in the terminal phase of cancer (23) (24) (25) . Therefore, surgical resection is not generally considered as a treatment for adrenal metastasis. However, several studies have reported that there is a favorable prognosis and notable benefit to patients following surgical resection for adrenal metastasis. To associate the features of adrenal metastasis and the clinical outcome of patients with adrenal metastasis resulting from CRC, the present study reports the cases of 3 CRC patients that experienced a long-term survival following surgical resection for adrenal metastasis with local and other metastatic sites, including the liver, lung and distant lymph nodes.
Case report
Between 1998 and 2002, 3 patients underwent surgery for adrenal metastasis at the Department of Gastroenterological Surgery at Osaka University (Suita, Osaka, Japan). All resected specimens were diagnosed according to the tumor-node-metastasis (TNM) classification (26, 27) . Following surgery, the patients were followed-up using serological examinations, including serum carcinoembryonic antigen (CEA) and cancer antigen 125, and imaging modalities, such as abdominal ultrasonography, computed tomography (CT) and chest X-ray, (Fig. 1B) . The patient underwent laparoscopic left adrenalectomy. A pathological examination of the tumor demonstrated a well-differentiated adenocarcinoma consistent with primary CRC. The patient was followed up without adjuvant chemotherapy following adrenalectomy, and was alive and well at the last follow-up in April 2012, with no evidence of recurrence observed using positron emission tomography (PET)-CT (HEADTOME/set. 2400W; Shimadzu Co., Kyoto, Japan) and serum CEA, 9.5 years subsequent to the resection of the adrenal metastasis (Fig. 1C) .
Case 2.
A 62-year-old man underwent low anterior resection for rectal cancer in July 2000. According to the TNM classification (26, 27) , the post-operative staging of the tumor was stage II (well-differentiated adenocarcinoma; pT3pN0M0; R0). Subsequent to 5 months, abdominal and chest CT (Discovery CT750 HD; GE Healthcare) revealed the presence of a 30-mm mass near the anastomotic region in the abdominal cavity and a 10-mm mass in the lung, consistent with pulmonary metastasis. A total of 4 cycles of chemotherapy [750 mg 5-fluorouracil (5-FU) with 400 mg leucovorin (LV)] were administered and the pulmonary metastasis decreased in size. However, the local recurrence increased to 50 mm in diameter ( Fig. 2A ). Therefore, 50 Gy of external radiation in 25 fractions was initiated, which resulted in no alteration in the local recurrence. Additional chemotherapy [400 mg tegaful/uracil (UFT) with 180 mg camptothecin-11 (CPT-11)] was administered for 5 cycles; subsequently, the local recurrence appeared as scar tissue on CT scans and the serum CEA level of the patient gradually decreased from 19.1 to 1.3 ng/ml, which was within the normal range (≤3.0 ng/ ml). Abdominal and chest CT were performed 10 months later and a solitary pulmonary metastasis 18 mm in size was revealed in the right lower lobe and the presence of left adrenal metastasis Table I . Clinical characteristics of the patients.
Adrenal metastasis Primary tumor
Previous metastasis ( Fig. 2B and C) . Left adrenalectomy and partial right lower lobe pneumonectomy were performed in September 2003. A pathological examination confirmed that the adrenal gland and pulmonary nodules were well-differentiated adenocarcinoma consistent with metastatic CRC. A total of 3 cycles of 5-FU with LV were administered as adjuvant chemotherapy following the second surgery. At the last follow-up in May 2012, the patient was alive and without evidence of metastasis observed using PET-CT (HEADTOME/set. 2400W; Shimadzu Co.) and with a normal CEA level for almost 8.6 years following the second surgical resection of adrenal and pulmonary metastases (Fig. 2D) .
Case 3.
A 57-year-old woman underwent a sigmoidectomy in January 2002 for CRC. According to the TNM classification (26, 27) , the pathological staging of the tumor was II (moderately-differentiated adenocarcinoma; pT3pN0M0; R0). Eleven months after sigmoidectomy, abdominal CT (Discovery CT750 HD; GE Healthcare) revealed liver metastasis [segment (S) 2 and S7], and 4 cycles of chemotherapy (400 mg UFT with 240 mg CPT-11) were administered to the patient for 5 months. After 4 cycles of chemotherapy, the liver metastasis decreased in size and new lesions were not detected. A partial liver resection (S2 and S7) was performed in July 2003, and 3 additional cycles of chemotherapy (400 mg UFT with 180 mg CPT-11) were administered. Forty months subsequent to the second surgery, PET-CT (HEADTOME/ set. 2400W; Shimadzu Co.) revealed the presence of adrenal metastasis and para-aortic lymph node recurrences ( Fig. 3A-D) . In total, 4 cycles of the modified folinic acid, 5-FU and oxaliplatin (mFOLFOX6) regimen (5-FU with LV and oxaliplatin) were administered to the patient as pre-operative chemotherapy. In each course, there were no cycles, but simply one rapid infusion and one continuous infusion for 46 h. The adrenal metastasis and lymph node recurrence decreased in size, and a right adrenalectomy and para-aortic lymph node dissection was performed in July 2007. A pathological examination of the adrenal gland confirmed the diagnosis of moderately-differentiated adenocarcinoma consistent with metastatic CRC. Metastasis was detected in 1 out of 13 dissected para-aortic lymph nodes. mFOLFOX6 was administered as post-operative chemotherapy for 4 cycles following the third surgery. Subsequently, the CEA level of the patient was elevated to 8 ng/ml and PET-CT revealed a local recurrence in the right adrenal gland. Therefore, mFOLFOX6 with bevacizumab was administered to the patient for 23 cycles and discontinued following the development of adverse reactions, including peripheral neuropathy (grade 2), general fatigue and nausea. Following mFOLFOX and bevacizumab treatment for the local adrenal recurrence, the patient was well and no evidence of an additional recurrence was observed using PET-CT (Fig. 3E) . However, 79 months subsequent to the initial resection of adrenal metastasis, the patient underwent a curative resection for recurrence of liver metastases and recurrence in the right adrenal gland. At the last follow-up in February 2015, the patient was alive and no evidence of metastasis was observed using PET-CT and the patient had a normal CEA level for 12 months following the second surgical resection of adrenal and liver metastases.
Discussion
According to the results from several studies, metastasis to the adrenal glands is a relatively frequent observation at autopsy in cancer patients (23) (24) (25) . The most common neoplasms to metastasize to the adrenal glands are lung cancer, breast cancer and renal cell carcinoma (23) (24) (25) . The incidence of adrenal metastasis observed at autopsy is 8.6-27.0% of all malignancies (23) (24) (25) . The range of the incidence of adrenal metastasis resulting from CRC is 4.2-14.4% (23) (24) (25) . Cedermark et al reviewed the autopsy records of 457 patients that succumbed to CRC and observed that the frequency of metastasis to the liver and lung was 48 and 38%, respectively, whereas metastasis to the adrenal gland was 14% (25) . It is widely accepted that the serum CEA level is important in patients with CRC, as it may affect tumor diagnostic 
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procedures (28) . In addition, the serum CEA level is reportedly useful for indicating the presence of adrenal metastasis following surgical resection for CRC (13, 19, 20) . In the present study, the post-operative recurrence was predicted from the alterations in the serum CEA level, and recurrence of the tumors was suspected when the CEA level became elevated. In patients 1 and 2, the serum CEA level was within normal limits for >5 years following the first surgery, and in patient 3, recurrence was suspected following the third surgical resections when the CEA level increased. Therefore, a serial post-operative determination of the serum CEA level is a useful and effective guide for determining the status of patients with recurrent CRC. All patients in the present study were asymptomatic, and did not present with abdominal pain or adrenal insufficiency, which has been reported in a previous study (22) . It has been estimated that 80-90% of the adrenal gland must be replaced or destroyed by tumor cells prior to adrenal insufficiency being detected; therefore, symptoms rarely appear as an initial sign of adrenal metastasis resulting from CRC (22) . The rate of detecting clinically silent adrenal masses has increased due to the widespread use of abdominal imaging modalities, including ultrasonography, CT, magnetic resonance imaging (MRI) and PET (29, 30) . Adrenal incidentaloma is defined as an adrenal mass detected during abdominal imaging performed for reasons not associated with the adrenal glands (31, 32) . Certain adrenal incidentalomas are metastatic adrenal tumors from a different primary cancer, usually the lung or kidney. Among patients undergoing adrenalectomy for metastatic cancer, 13-17% of patients possessed metastasis resulting from CRC (22, 23) . Candel et al conducted a study on fine-needle aspiration biopsies of adrenal masses in various malignancies, which revealed that 5 out of 39 cases (12.8%) were derived from CRC (33). Frilling et al concluded that MRI and PET provided an accurate diagnosis in patients with indeterminate adrenal tumors (29) . Even though the incidence of adrenal metastasis varies (33, 34) , it is possible that adrenal metastasis from CRC is not unusual. Several studies identified that the majority of autopsy cases, where metastasis to the adrenal glands was observed, possessed several other metastases (23) (24) (25) .
By contrast, a solitary adrenal metastasis is extremely unusual. When a solitary adrenal metastasis is observed, surgical resection of the involved adrenal glands is associated with a good prognosis for patients (1, 2, (4) (5) (6) (7) (12) (13) (14) (15) (16) (35) (36) (37) . Muth et al reported that the factors associated with a longer survival time in patients with CRC, renal cell carcinoma, non-small-cell lung cancer and malignant melanoma were the tumor type, of which CRC demonstrated the best prognosis, no prior surgery or metastases, a long disease-free interval and potentially curative adrenalectomy at the time of surgery (32) . Therefore, it is important to consider the possibility of adrenal metastasis resulting from CRC during follow-up subsequent to a primary surgery, since the early detection of a solitary adrenal metastasis may result in a second curative surgery and improve the long-term survival time of patients. Although adrenal metastasis is usually observed in combination with widespread metastasis (23) (24) (25) 38, 39) , it is considered feasible to resect a solitary adrenal metastasis in patients with CRC, which leads to an improved prognosis (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
Recently, metastasis to the adrenal glands has been more frequently recognized during follow-up subsequent to surgery for cancer, due to an improvement in high-resolution imaging modalities (22) . However, metastasis to the adrenal glands usually occurs in combination with multiple synchronous metastases at other sites (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) 38, 39) . In the present study, 2 out of 3 patients that possessed multiple metastases, underwent adrenalectomy for metastatic CRC and were alive without chemotherapy 8 years and 6 years subsequent to the last surgery, respectively. The third patient that underwent adrenalectomy was alive and undergoing mFOLFOX6 with bevacizumab treatment almost 3 years subsequent to the last surgery. The present results suggest that aggressive surgical resection for adrenal metastasis resulting from CRC may lead to a survival benefit in patients for whom curative treatment is performed at other metastatic sites. Surgical resection for metastasis to distant organs, including the liver and lung, from CRC is recommended, due to the numerous studies regarding these metastases (7) (8) (9) (10) (11) . Similarly, adrenal metastasis resulting from CRC should be aggressively resected if distant metastasis may also be curatively treated.
In conclusion, aggressive surgical resection for adrenal metastasis resulting from CRC should be performed in certain patients, for whom curative treatment is performed at other metastatic sites.
